Abstract. The MOBIlearn project, co-funded by the European Commission, the National Science Foundation and AU Department of Education, Science and Training, is strategically positioned to provide relevant research outcomes in the field of innovative use of mobile environments to meet the needs of learners, working by themselves and with others. The objectives are achieved by defining a set of mobile services identified and specified through an open abstract framework. This assures proper interoperability between MOBIlearn services themselves and existing services provided by third parties, such as the Open Knowledge Initiative or the IMS Global Learning Consortium. The paper introduces the MOBIlearn project and its underlying approach describing the Open Mobile Access Abstract Framework (OMAF).
Introduction
The integration of new technologies in education and training is in essence a culturally driven process, with the need to bring about change not only in people, but in the entire learning environment. In recent decades political and social progress has emphasised the need for free circulation of knowledge, as the most advanced answer to the increasing needs of new skills related to new technologies and new socioeconomic models formed by the Information Society.
The " e-mobility 2001 EU Information Society" c onference on mobility in the Knowledge Economy [1] , convened in Goteborg, highlighted priorities that should be explored: the need to define new work paradigms (e.g., mobile worker) together with innovative models for their social, economical, cultural and environmental deployment, while preserving the local nature of content (national and regional) and cultural heritage. At the same event it emerged that the sustainable social and economic deployment of such models within the Information Society of the third millennium will see a key role of new technologies for mobile access to knowledge. On these social and technological premises, the MOBIlearn project [2] aims to improve access to knowledge for selected target users, giving them ubiquitous access to appropriate, contextualised and personalised, learning objects, by linking to the Internet via mobile connections and devices, according to innovative paradigms and interfaces. The Goteborg Conference [1] also underlined the need for pilot experimentations and applications for the fast spread and uptake of envisaged models and related services to preserve Europe's leadership in the exploitation and innovation of mobile technologies. The need for this is becoming urgent. Thus, the MOBIlearn project is justified in two ways: its pioneering research and development directly targets priority areas for the knowledge society, and its exploitation directly addresses the need for Europe to stay dominant in the important area of mobile applications. To deliver these crucial results, the MOBIlearn project will exploit a partnership that is truly international, capable and influential, including well-known Universities with a large user-base (such as, not exhaustively, the Open University and the University of Birmingham), and calling on expertise from two US World-level academic institutions (Stanford University and OKI/Massachusetts Institute of Technology). The project consortium also involves mobile operators from four countries (Telefónica, Cosmote, Deutsche Telekom, Telecom Italia), European-leading commercial organisations (Space Hellas, GIUNTI Ricerca, Emblaze Systems , University for Industry) and World-class mobile devices manufacturers ( HewlettPackard, Nokia), and Australian on line learning content providers (education.au). The partners bring a real cross-disciplinary know-how, with expertise in pedagogy, adaptive interfaces, collaborative learning, context awareness, business modeling and e-learning technologies. The scope includes studies of conceptual models and new methodologies, with prototypes to implement them. These will be evaluated in trial application fields set up and managed by international partners participating within the MOBIlearn project. The objective is to improve the knowledge level of individuals through cost and time optimisation of learning processes. This maximises the opportunities of three representative groups [3] :
• Workers, to meet their job requirements and to update their knowledge continually;
• Citizens as members of a culture, to improve their learning experience while visiting a cultural city and its museums; • Citizens as family members, to have simple medical information for everyday needs.
MOBIlearn Expected Results
The MOBIlearn project has international relevance by proposing the conception, development, experimentation, and exploitation of new models of learning, via nextgeneration mobile networks, through:
• creation of pedagogical paradigms to support learning in a mobile environment, such as collaborative learning, organisational learning, dynamic knowledge creation in a group; • definition of a new open abstract framework suitable to develop and implement interoperable services, such as the delivery and tracking of learning contents, location-dependence, personalization, context awareness;
• selection and adaptation of existing e-learn ing contents for mobile devices, enabling automatic multi channel and multi device versioning; • realization of new business models, based on existing success-cases (e.g., DoCoMo iMode), for self sustainability and deployment of the conceived solutions beyond the research timeframe.
The goal of the MOBIlearn project is the creation of a virtual network for the diffusion of knowledge and learning via a mobile environment where, through common themes, it will be possible to demonstrate the convergence and merging of learning supported by new technology, knowledge management, and new forms of mobile communication. A subsidiary goal is to develop deeper understandings of the social processes and interactions that arise when connectivity reaches a critical point, to be alert for the possible emergence of "ambient intelligence" [4] equivalents of the widespread take-up by users of Short Messaging System (SMS).
Best Practices of Abstract Frameworks for Learning
To achieve the project objectives described in the previous chapter, a set of mobile interoperable services has to be identified and specified through an open abstract framework. Of course, the approach is based on an extensive study of existing best practices, among which the Open Knowledge Initiative (OKI) and IMS Abstract Learning Framework (ALF). One of the MOBIlearn objectives is to build upon such models, conceived for 'traditional' campus-based e-learning systems , in order to extend them towards learners' mobility.
The Open Knowledge Initiative (OKI)
The Open Knowledge Initiative [5] is defining an open and extensible architecture for learning technology, specifically targeted to the needs of the higher education community. OKI provides detailed specifications for interfaces among components of a learning management environment, and open source examples of how these interfaces work. The OKI architecture ( fig. 1 ) is intended to be used both by commercial product vendors and by higher education product developers. It provides a stable, scalable base that supports the flexibility needed by higher education as learning technology is increasingly integrated into the education process. The interface methods defined by OKI support the ongoing integration of three general categories of software:
• learning applications ranging from individual quizzing, authoring, and collaboration tools to suites of such tools that include course management and learning management capabilities; • central administrative systems such as student information, human resource, and directory management;
• academic systems including library information systems, digital repositories of research and educational materials.
Once this architecture is fully adopted by the education market, new components may be plugged into the learning infrastructure using OKI's tightly defined and standardized application programming interfaces (APIs).
Fig. 1. The Open Knowledge Initiative Architecture (courtesy of OKI) [5]

IMS Abstract Learning Framework (ALF)
IMS is developing an Abstract Learning Framework [6] which will guide the creation of future specifications. Specifications are guidelines and suggestions for implementing something. They are a tool to help the developer, implementer, or administrator making decisions. Specifications, unlike standards, capture rough consensus and evolve rapidly. During the past 30 months the IMS has released a unique set of interoperability specifications within the e-learning technology community. The IMS Abstract Learning Framework (ALF), presented at the EDUCAUSE 2002 conference [7] , is a device to enable the IMS to describe the context within which it will continue to develop its e-learning technology specifications. This framework is not an attempt to define the IMS architecture, rather it is a mechanism to define the set of interfaces for which IMS may or may not produce a set of interoperability specifications. In the cases where IMS does not produce a specification then every effort will be made to adopt or recommend a suitable specification from another organization. It is the intention of IMS that this Abstract Learning Framework and the associated IMS specifications produced to realise the exchange of information between the identified services will be adopted in a manner suitable for a particular system requirement.
Summarising, the IMS Abstract Learning Framework is:
• an abstract representation of the services and their interfaces that are used to construct an e-learning system in its broadest sense; • focused on the support of distributed electronic learning systems;
• a framework that covers the possible range of e-learning architectures that could be constructed from the set of defined services and interfaces.
The MOBIlearn Open Mobile Access Abstract Framework (OMAF)
The MOBIlearn project targets to develop an Open Mobile Access Abstract Framework (OMAF) based on layers of infrastructure and application profiles, instead of targeting a single vertical architectural implementation [8] . The OMAF does not need to be 'implementable' in detail, since its purpose is to drive project developments focusing on the interfaces between layers to ensure services interoperability, i.e. the capability to communicate, execute programs, or transfer data among various functional services. On the basis of this Abstract Framework concept, a goal is set to create specifications of the different services, according to the 'open architecture' approach. OMAF will help also to exploit reusability of software according to the object oriented software development approach ( fig. 2) . Following the User Centred Design [ 9] and the UML frameworks [10] methodologies, OMAF will address the conceptual layout of services to access knowledge and learning in a mobile environment, for example, via collaborative spaces, context aware and location based. In fact these are examples of possible services to be implemented in MOBIlearn. These represent also possible implementations of the conceptual framework specifications, but, the real value resides in the latter. Nevertheless, as described in chapter one, an instantiation of OMAF will be actually developed and tested in real users trials. 
The OMAF Layered-model
The multi-layer model of OMAF [10] , depicted in figure 3 , is composed by the following layers:
• The Mobile Meta-Applications Layer (MmAL): the set of systems, tools and applications obtained as a combination/integration of two or more mobile applications, to provide extended and more complex functionalities to users.
• The Mobile Applications Layer (MAL): the set of systems, tools and applications specifically designed and implemented to provide a particular mobile functionality. They are built starting from the suite of mobile services and common services.
• The Mobile Services Layer (MSL): the set of components able to provide mobile specific services, which are used by the mobile applications.
• The Generic Services Layer (GSL): the set of components that provide generic services to be used by the application services.
• The Infrastructure Services Layer (ISL): the underlying services that enable to exchange data in terms of communications, messaging and transactions.
• The Service Access Points (SAP): interface to the corresponding service. Each SAP provides access to one service capability. SAPs will be implemented through APIs (Application Programming Interfaces) • The Components Store (CS): a set of components that has to be specified to support the Generic and Mobile services. For instance, it will be possible to find in the BSC the data models for images (BMP, GIF, etc.), user profile and location, geographical coordinates of objects, etc. The services will be described using the UML package diagrams [11] . These graphical representations are suitable to map a complex system as a function, which is then broken down into sub-functions that can be further broken down into sub-subfunctions and so forth.
Conclusions
Once defined the OMAF mo del, the next MOBIlearn activities will consist in services identification, within each layer, and their functionalities and interfaces specification. After a review of the existing technologies for mobile applications, MOBIlearn team will identify the most suitable solutions for developing the OMAF instantiation, to be used in real users trials scheduled for year 2004.
In conclusion, as it is perceived today, the OMAF approach could bring to data extensions (such as mobile/location aware learning objects, with geographical references included in their metadata structure) and new services definition, possibly sitting on top of the infrastructure and learning services, under definition within IMS ALF and OKI initiatives.
